We claim: 

1 1. An allergen hybrid protein having reduced allergenicity but retaining 

2 immunogenicity, comprising a peptide epitope sequence of an allergen protein and a 

3 scaffold protein that is structurally homologous to the allergen protein, wherein the hybrid 

4 protein has a native conformation and the peptide epitope sequence is present in a surface 

5 accessible region of the hybrid protein corresponding to its position in the allergen protein. 

1 2. The hybrid protein of claim 1 wherein the peptide epitope sequence is 

2 in a loop or corner region of the hybrid protein. 

1 3. The hybrid protein of claim 1 wherein the scaffold protein has at least 

2 50 percent sequence identity to the allergen from which the peptide epitope sequence is 

3 derived. 

i 4. The hybrid protein of claim 1 wherein the scaffold protein does not 
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C3 2 have more than 70 percent sequence identity to the allergen protein from which the peptide 

J 5 3 epitope sequence is derived. 

iU i 5. The hybrid protein of claim 1 wherein the peptide epitope sequence is 
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2 about 6 to about 55 amino acids in length. 

1 6. The hybrid protein of claim 5 wherein the peptide epitope sequence is 

2 about 6 to about 45 amino acids in length. 

1 7. The hybrid protein of claim 6 wherein the peptide epitope sequence is 

2 about 6 to about 35 amino acids in length. 

1 8 . The hybrid protein of claim 7 wherein the peptide epitope sequence is 

2 about 6 to about 25 amino acids in length. 

1 9. The hybrid protein of claim 8 wherein the peptide epitope sequence is 

2 about 6 to about 15 amino acids in length. 

1 10. The hybrid protein of claim 1 further comprising a signal peptide. 
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1 1 . The hybrid protein of claim 1 further comprising a protease 

processing site. 

12. The hybrid protein of claim 1 which is a hybrid vespid venom 
allergen protein. 

13. The hybrid protein of claim 12, which is a hybrid vespid venom 
antigen 5 protein. 

1 4. The hybrid protein of claim 1 3 wherein the peptide epitope sequence 
is from the genus Vespula and the scaffold protein is from the genus Polistes. 

15. The hybrid protein of claim 14 wherein the peptide epitope sequence 
is from the species vulgaris. 

1 6. The hybrid protein of claim 1 4 wherein the scaffold protein is from 
the species annularis. 

1 7. The hybrid protein of claim 1 3 wherein the peptide antigen comprises 
a sequence selected from the group consisting of 

NNYCKIKC (SEQ ID: 1); 
NNYCKJKCLKGGVHTACK (SEQ ID: 2); 
NNYCKJKCLKGGVHTACKYGSLKP (SEQ ID: 3); 
NNYCKIKCLKGGVHTACKYGSLKPNCGNKVW (SEQ ID: 4); 
NNYCKDCCLKGGVHTACKYGSLKPNCGNKVWSYGLTKQ (SEQ ID: 

5); 

NNYCKJKCLKGGVHTACKYGSLKPNCGNKVVVSYGLTKQEKQDILK 
(SEQ ID: 6); 

QVGQNVALTGSTAAKYDDPVKLVKMWEDEVKDYNPKKKFSGNDFL 
KTG (SEQ ID NO: 7); 

HYTQMVWANTKEVGCGSIKYIQEKWHKHYLVCNYGPSGNFKNEEL 
YQTK (SEQ ID NO: 8) 
LKPNCGNKVVV (SEQ ID NO: 9); 
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16 LTGSTAAKYDD (SEQ ID NO: 1 0); 

17 PKKKFSGND (SEQ ID NO: 1 1) 

18 IQIKWHK (SEQ ID NO: 12); and 

19 FKNEELYQTK (SEQ ID NO: 1 3); 

20 NNYCKDCCLKGGVHTACKYGSLKPNCGNKVVVSYGLTKQEKQDILK 

21 EHND (SEQ ID NO: 93); 

22 NNYCKIKCLKGGVHTACKYGSLKPNCGNKVVVSYGLTKQEKQDILK 

23 EHNDFRQKIAR (SEQ ID NO: 94); 

24 NNYCKIKCLKGGVHTACKYGSLKPNCGNKWVSYGLTKQEKQDILK 

25 EHNDFRQKIARGLETRGNPGPQPPAKNMKN (SEQ ID NO: 95). 

1 18. The hybrid protein of claim 1 wherein the peptide epitope sequence 

2 comprises a conservative amino acid change. 



M 

W l 19. The hybrid protein of claim 1 8 wherein the variant peptide is 

C3 

%U 2 characterized as reducing antibody binding to the peptide epitope sequence by at least 50- 

3 percent in an in vitro assay, wherein the variant is present in the assay at a concentration less 

4 than 10-fold greater than the peptide epitope sequence, and the assay measures binding of 

5 the peptide epitope sequence to an antibody directed against a polypeptide comprising the 

6 peptide epitope sequence. 
C3 

A i 20. A nucleic acid encoding the allergen hybrid protein of claim 1 
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1 21 . A method for preparing a nucleic acid that encodes an allergen hybrid 

2 protein; which method comprises introducing a nucleotide sequence encoding a peptide 

3 epitope sequence of an allergen protein into a nucleotide sequence encoding a scaffold 

4 protein that is structurally homologous to the allergen protein, wherein the nucleotide 

5 sequence encoding the peptide epitope sequence is in-frame with the nucleotide sequence 

6 encoding the scaffold protein and is in a location such that in the allergen hybrid protein the 

7 peptide epitope sequence is present in a surface accessible region of the hybrid protein 

8 corresponding to its position in the allergen protein. 
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{ J 3 transformed with the expression vector of claim 25 so that the hybrid allergen is produced 
4 by the cell. 
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1 22. The method according to claim 21 , wherein the nucleotide sequence 

2 encoding the scaffold protein is mutated to introduce the nucleotide sequence encoding the 

3 peptide epitope sequence. 

1 23 . The method according to claim 2 1 , wherein the nucleotide encoding 

2 the peptide epitope sequence is introduced by ligating fragments from nucleic acids 

3 comprising the nucleotide sequence encoding the peptide epitope sequence and the 

4 nucleotide sequence encoding the scaffold protein treated with an endonuclease. 

l 24. A nucleic acid prepared according to the method of claim 2 1 . 

1 25. An expression vector comprising the isolated nucleic acid of claim 20 

2 operationally associated with a promoter. 



i 26. A method for producing an allergen hybrid protein with reduced 

Q 

£3 2 allergenicity but retaining immunogenicity, which method comprises culturing a cell 



1 27. The method of claim 26, which further comprises recovering the 

2 hybrid allergen from the culture, the cell, or both. 

1 28. A method for treating an allergic condition, which method comprises 

2 administering a therapeutically effective amount of the hybrid protein of claim 1 to a patient 

3 who is allergic to the allergen protein or the scaffold protein, or both. 

1 29. The method of claim 28, wherein the hybrid protein or expression 

2 vector is administered orally, pulmonarily, nasally, topically or parenterilly. 
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30. A pharmaceutical composition comprising the hybrid protein of claim 



2 1 and a pharmaceutical^ acceptable diluent or carrier. 
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31. A method of designing a hybrid allergen of reduced allergenicity but 

2 retaining immunogenicity, which method comprises 

3 (a) identifying a solvent exposed surface of an allergen; 
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4 (b) identifying a protein that is structurally homologous to the 

5 allergen; and 

6 (c) modifying sequence of the protein that is structurally 

7 homologous to the allergen to incorporate a peptide sequence 

8 from the solvent exposed surface of the allergen. 

1 32. The method of claim 3 1 wherein said solvent exposed surface is 

2 identified by a physical means. 

1 33 . The method of claim 32 wherein said physical means is x-ray 

2 crystallography. 

1 34. The method of claim 31 wherein said solvent exposed surface is 

2 identified by comparing the amino acid sequence of the allergen to the amino acid sequence 

C3 

f % 3 of a structurally homologous protein of known three-dimensional structure. 

M l 35. The method of claim 31, wherein the solvent exposed surface 
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y 2 comprises a loop or a corner region. 
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